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ABSTRACT 

 
Structural optimization can be described as structure with the best assemblage of materials 
(and/of  components) to resist a certain loading condition, as light as posible with a 
minimum of materials [7]. A reduction of 40% in material whilst maintaining stiffness 
properties can be achieved with structural optimization  tools that will reduce redundant 
material [1]. We can categorize a topological optimized (beam) structure as a section-active 
structure defined by Engel [2] 
 
In this research we use a generative design tool for size and shape optimization: the ParaGen 
method by Dr.-Ing Peter von Buelow at the University of Michigan [3].  
 
Several case studies have been done in Solidthinking Inspire 9.0  to get familiar with the 
morphology and topology of a structurally optimized one-bay beam.  
Morphology and topology are strongly related to type, number and place of supports, and the 
type and position of loads used. Material, volume fraction and the strength of the force(s) do 
not determine the topology but influence component attributes that mostly deal with size and 
shape optimization.  
 
Current production methods and processes are not useable for producing elements with a 
doubly curved shape. Optimized structured can characterized as a collection of doubly 
curved surfaces. To produce these structures, a rigid mould made with a CNC milling is 
often used. From previous research, the use of mechaniccaly prestressed fabric formwork is 
promissing to produce doubly curved surfaces [8].  
 
But despite the achievements, the method can be complicated and in many cases a large 
amount of additional falsework is needed [5]. Because of its nature to conform to funicular 
shapes, a production method based on inflatable membranes used as a mould which 
subsequently is rigidized, is believed to be a promising solution. In that case the formwork of 
the three-dimensional structure consists of inflatables and is entirely based on form-active 
principles, see Figure 1. 
 



.  
Figure 1. Three dimensional optimized structure 

 
The rigidization mechanisms with polymere composites developed over the last 50 years 
including advanced mechanisms for use in space engineering is impressive. Cardogan et 
al.[6] comes to the following mechanisms: 1) Thermally cured thermoset composites, 2) 
Ultra-violet cured composites, 3) Plasticizer or solvent boil-off composites, 4) Foam 
rigidization, 5) Second order transition change and SMP composites, 6) Inflation gas 
reaction composites, 7) Aluminum and film laminates. The first 4 of those mechanisms are 
used in the “building” industry or other civil applications, the others might be considered too 
specific and expansive for this purpose. The research will be limited to polymer composites 
of the first 4 mechanisms. 
 
This research is design oriented, and consists out of a literature review, case studies and 
experimental research. It is an explorative study into the coherence and relation between: 
topology of optimized structures, inflatable structures and rigidizing materials.  
In the paper we will present a framework with the optimalization variables combined with 
the production techniques, using inflatables. Based on this framework we produced a 
optimized beam structure. 
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